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[57] ABSTRACT 
A heating apparatus such as a microwave oven in which 
thermal energy of high-temperature vapor generated by 
heating an object is detected by a pyroelectric element 
and a resulting detection signal is used to control (stop) 
a heat source such as a microwave source, etc. Among 
AC voltages generated by the pyroelectric element due 
to heat exchange of the pyroelectric element, a voltage 
of a polarity generated at the time of heat discharge 
(temperature decrease) of the pyroelectric element is 
selected through a circuit means. A voltage generated 
by heat exchange between air moving slowly in a heat 
ing chamber and the pyroelectric element caused by the 
rotation of a turntable or the like is eliminated by an 
other circuit means. A control section controls the op 
eration of the heat source by deciding an output signal 
of the pyroelectric element by comparing it with a 
detection level determined in accordance with a noise 
level for a predetermined length of time after the start 
of the heating operation. Erroneous detection is thus 
prevented which otherwise might be caused by a noise 
voltage generated in the pyroelectric element by the 
thermal energy of a hot air staying in the heating cham 
ber after the energization of the heat source or second 
heat source. 

12 Claims, 6 Drawing Sheets 
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HEATING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a heating apparatus 

comprising a detection system for detecting high tem 
perature water vapor emanating from an object and 
controlling a heat source by using the detection signal. 

2. Description of the Related Art 
A heating apparatus having a system for detecting 

automatically a ?nished state of a heated object ?nds 
applications in various forms. A humidity sensor for 
detecting humidity changes is most widely used as a 
detector for the detection system of such an automatic 
heating apparatus. The humidity sensor is used to detect 
changes in electrical resistance of an element due to the 
water molecules adsorbed on the surface thereof. In 
order to prevent the deterioration in sensitivity due to 
the smear of the element surface and to maintain a stable 
performance over a long period, it is necessary to burn 
off the smear from the element surface or take any other 
complicated procedure at regular intervals of time. 
As disclosed in US. patent application No. 429,286, 

on the other hand, the inventors are studying a system 
in which the water vapor or other vaporized substance 
of high humidity emanated from an object with the 
heating thereof is collected by way of a vent formed in 
the wall of a heating chamber and is applied against a 
pyroelectric element outside of the heating chamber to 
detect a ?nished state of heating through a voltage 
generated from the pyroelectric element. This system is 
based on a physical phenomenon of a detection mecha 
nism exchanging heat between the pyroelectric element 
and the vapor, and therefore unlike in conventional 
humidity sensors, the sensitivity would not be substan 
tially affected by the smear of the element surface, 
thereby leading to the advantage of constructing a de 
tection system in a very simple manner in principle. 
The disadvantage of a system which utilizes tempera 

ture changes of the pyroelectric element caused by the 
heat of vapor is that the pyroelectric element would be 
undesirably energized to generate a voltage not only by 
vapor generated from an object but also by a high-tem 
perature air, that is, hot air applied suddenly thereto. In 
the case of a microwave oven comprising an electric or 
gas heater as a secondary heat source other than micro 
waves, a hot air of the secondary heat source remains in 
a ‘great amount immediately after a heating operation. If 
an object is heated with the microwave oven under this 
condition, the pyroelectric element responsive to the 
residual hot air would generate a voltage regardless of 
the temperature of the food and thus fail to discriminate 
the voltage due to the vapor emanated by the heating of 
the food, thereby leading to an erroneous detection. 

Also, this problem is liable to arise after a long heat 
ing operation with microwaves alone, as well as after 
heating with an auxiliary heater of a microwave oven, 
because of a similar phenomenon similar to the one 
mentioned above due to an increased temperature of the 
heating chamber or the like, thus making it difficult to 
detect a heated condition of the object food (a ?nished 
condition by heat) with high accuracy without error. 
With the increase in the temperature of the pyroelec 

tric element, the smaller temperature difference with 
the vapor generated from the food reduces the detec 
tion sensitivity. This variation of detection sensitivity 
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2 
according to operating conditions makes it difficult to 
secure stable detection accuracy. 

SUMMARY OF THE INVENTION 

In view of the foregoing background, an object of the 
present invention is to provide a heating system using a 
pyroelectric element which is capable of detecting a 
high vapor temperature accurately without erroneously 
detecting residual heat in the heating chamber in re 
peated continuous operations of the heating apparatus 
when the apparatus body is heated to some degree such 
as immediately after the completion of a heater opera 
tion regardless of a change in the sensitivity. 
The essential parts of the present invention include a 

section associated with sensor signal processing means 
for processing a voltage generated by the pyroelectric 
element and a section associated with control means for 
controlling various operations of the apparatus in re 
sponse to a signal voltage processed by the sensor signal 
processing means. 

First, a part of the present invention relating to the 
sensor signal processing means will be explained. A ?rst 
feature of this part of the present invention is that the 
sensor signal processing means is con?gured to select a 
voltage-having polarity generated by the discharge of 
heat from a pyroelectric element (such as when temper 
ature drops) among the voltages generated with the 
heat exchange of the pyroelectric element. The sensitiv 
ity to heat is thus reduced below that to vapor. A sec 
ond feature lies in that, of all the voltages generated 
from the pyroelectric element, the comparatively low 
frequency components generated by the pyroelectric 
element as a result of heat exchange with the residual 
hot air in the heating chamber are eliminated to remove 
the factors of erroneous detection. This residual hot air 
is induced with the drive of a turntable or like means for 
assuring uniform microwave heating. The turntable 
operates slower than the heat exchange caused by ?uc 
tuations of vapor from the object to be heated. 
By use of the aforementioned two means, voltages 

generated by the heat of the residual hot air or the like 
other than the vapor generated from the object of heat 
ing are greatly dampened and eliminated as compared 
with the signal voltage generated by the vapor from the 
object, thereby preventing erroneous detection. 
Now, an explanation will be made of the control 

section for receiving a signal voltage from the sensor 
signal processing means to effect detection and control. 
The voltage output of the pyroelectric element immedi 
ately after starting the heating operation is measured for 
a ?rst predetermined length of time, and a threshold 
value providing a detection level is set from a formula 
based on the measured signal level as a noise level. The 
control section thus has a‘function to decide a fmished 
condition by detecting a voltage output higher than the 
threshold produced by the pyroelectric element in re‘ 
sponse to the vapor emanating from the object food. 
As a result, erroneous detection, (premature de 

energization) due to residual heat or dispersion due to 
sensor sensitivity dispersion can be 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of the external appear 
ance of a heating apparatus according to an embodi 
ment of the present invention. 
FIG. 2 is a diagram showing a system block con?gu~ 

ration of the essential parts of the same heating appara 
tus. 
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FIGS. 3A and 3B are diagrams for explaining a pyro 
electric element of the heating apparatus in detail, of 
which FIG. 3A is a plan view and FIG. 3B is a sectional 
view. 

FIG. 4 shows a con?guration of the essential parts 
arranged around sensor processing means and a pyro 
electric element of the heating apparatus. 
FIGS. 5A, 5B, 5C and 5D show waveforms observed 

at speci?c points (a—a', b-b', c——c') in the circuit of 
FIG. 4. 
FIGS. 6A and 6B are diagrams showing the detection 

signal of the pyroelectric element produced by sensor 
signal processing means of the heating apparatus and 
changes with time thereof‘. 
FIG. 7 is a ?owchart showing a program structure 

for the heating control and the detection operation of an 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A microwave oven with a heater providing a heating 
apparatus according to an embodiment of the present 
invention will be explained below with reference to the 
accompanying drawings. 
As shown in FIG. 1, a microwave oven 30 comprises 

an operating section 13 for designating and applying an 
operation control command for the units on the front 
thereof, a body 31 on the outside thereof, and a freely 
openable door 32 in the opening of a heating chamber 1. 

It is seen from FIG. 2, on the other hand, that the 
heating chamber 1 has mounted on the walls thereof a 
magnetron 3 for supplying microwaves for heating an 
object 2 to be heated, an upper heater 35 and a lower 
heater 34 making up a second heat source for heating 
the object 2, and a lamp 14 for illuminating the interior 
of the heating chamber 1. A turntable 33 carrying the 
object 2 in the heating chamber 1 is driven (rotated) by 
a turntable motor 18 and rotates to assure uniform heat 
ing of the object 2 while being heated. A fan motor 16 
produce sa wind for cooling a high-voltage transformer 
15 for supplying a high voltage to the magnetron 3 and 
the lamp 14. The fan motor 16 also generates a wind (air 
?ow) supplied into the heating chamber 1 for exhaust 
ing the water vapor and the like generated from the 
object 2 out of the heating chamber 1. The direction and 
amount of the wind generated is regulated by an ori?ce 
17 formed beside the fan motor 16. 
The high-voltage transformer 15, the fan motor 16 

and the turntable motor 18 are controlled by drive 
means 11, the operation of which is in turn controlled 
by a control signal generated by control section 4. 
The air sent from the fan motor 16, after entering the 

heating chamber 1, is exhausted (carried) out of the 
apparatus containing a water vapor gas of the object 2 
by way of two exhaust paths. A ?rst exhaust path or 
passage is formed from a route including a ?rst exhaust 
port 19, a ?rst exhaust guide 21 and a ?rst vent 26 in that 
order. A second exhaust path is formed from a route 
including a second exhaust port 20, a second exhaust 
guide 22, a vent pipe 23, exhaust guides 24 and 25 and a 
second vent 27 in that order. The heat-sensitive surface 
of a pyroelectric element 5 having a pyroelectric char 
acteristic is exposed from the interior wall surface of the 
second exhaust path. 
FIGS. 3A and 3B are diagrams for explaining the 

pyroelectric element 5 in detail. The pyroelectric ele 
ment 5 includes a ?at ceramic plate 36 having a pyro 
electric effect, electrodes 37 and 38 formed on the sides 
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4 
of the ceramic plate 36, and a metal plate 39 made of 
stainless steel or the like bonded to the surface of one of 
the electrodes 37 and 38. This metal plate 39 functions 
as a heat-sensitive surface of the pyroelectric element 5. 
When a high-temperature gas like water vapor comes 
into contact with the metal plate 39, heat is transmitted 
to the ceramic plate 36 through the metal plate 39, and 
the ceramic plate 36 generates a voltage by the pyro 
electric effect. In the case of the pyroelectric element 5 
shown in FIG. 3B, the electrode 38 to which the metal 
plate 39 is bonded is partially extended to the opposite 
side of the ceramic plate 36 by way of a part of the 
periphery thereof, so that a lead wire 40 from the elec 
trodes 37 and 38 may be taken out only by the side of 
the electrodes 37 and 38 to which the metal plate 39 is 
not bonded. 
The ceramic plate 36 may be composed of PZT (lead 

zirconate-titanate ceramics), for example. The pyro 
electric element 5 is polarized in such a manner that the 
electrode 37 has a positive polarity and the electrode 38 
a negative polarity. Under this condition of polariza 
tion, a positive (plus) voltage is generated across an 
electrode 37 with the increase in temperature of the 
pyroelectric element 5. 
As shown in FIG. 2, the object to be heated (food) 2 

placed in the heating chamber 1 is heated dielectrically 
by microwaves (high-frequency waves) of 2450 MHz 
generated from the magnetron 3. The object 2 gradually 
increases in temperature, and when it reaches a temper 
ature near the boiling point of water, emanates a great 
amount of high-temperature vapor. This vapor is passed 
through the second exhaust vent 20 formed in the ceil 
ing of the heating chamber 1 and is applied against the 
pyroelectric element 5 through a cylindrical ventilation 
pipe 23. The vapor brought into contact with the pyro 
electric element 5 supplies a great amount of thermal 
energy to the pyroelectric element 5. This thermal en 
ergy of course contains a great amount of latent heat 
generated by the vapor dewing on the surface of the 
pyroelectric element 5. 
The sharp temperature increase of the pyroelectric 

element 5 disturbs the equilibrium of polarization in the 
pyroelectric element 5, and generates a pulse signal 
with sharp voltage changes in the electrodes on the 
surface of the element. A similar pulse signal, in oppo 
site characteristics, also appears during a sharp tempera 
ture decrease such as when a heated pyroelectric ele 
ment comes into contact with cold air. 
The vapor generated from the object (food) 2 pro 

ceeds swayingly through air lower in temperature than 
the vapor, and therefore the amount of vapor coming 
into contact with the pyroelectric element 5 ?uctuates 
with time and space. Even after the vapor is generated 
steadily, that is, when the temperature of the object 2 
(food) is increased beyond a certain temperture, temper 
ature changes (?uctuations), that is, heat exchanges at 
the pyroelectric element 5 occur repeatedly. Namely, 
the pyroelectric element 5 increases in temperature due 
to a great amount of vapor at one moment while the 
temperature thereof decreases with the vapor amount 
decreased at a next moment, followed by a temperature 
increase due to great amount of vapor generated. ' 
As a result, the pyroelectric element 5 continues to 

generate an irregular pulse signal voltage (AC voltage) 
of positive and negative polarities in response to the 
heat exchanges (temperature ?uctuations) described 
above, while the object (food) 2 continues to generate a 
high-temperature vapor. 
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In this way, as the temperature of the object 2 ap 

proaches the boiling point of water with the heating 
operation of the microwave oven, vapor is abruptly 
generated from the object 2, thereby causing a pulse 
voltage (AC voltage) V (several mV) of positive and 
negative polarities to be generated with in large ampli 
tude corresponding to the ?uctuations between the 
electrodes of the pyroelectric element 5. The voltage 
thus generated by the pyroelectric element 5 is transmit 
ted through the sensor signal processing means 12 to the 
control section 4. 

If the object 2 is in a reheating (food-reheating) me 
nue, for instance, a substantially sufficient temperature 
is reached for the purpose of heating when a great 
amount of vapor begins to emanate. When the voltage 
generated by the pyroelectric element 5 reaches a pre 
determined detection level (threshold value), therefore, 
the control section 4 initiates the de~energization of the 
magnetron 3 and the cooling fan 16 as the basic princi 
ple of a detection system. 
FIG. 4 is a diagram showing a circuit con?guration of 

essential parts of a heating apparatus centered on the 
pyroelectric element 5 and the sensor signal processing 
means 12. Heating apparatus, that is, a microwave oven 
according to an embodiment of the present invention, 
and FIGS. 5A, 5B, 5C and 5D show voltage waveforms 
observed at speci?c points (a-a', b--b', c—c') in the 
circuit con?guration. 
FIG. 5A shows a waveform observed between the 

section a-a’ when the microwave oven is energized a 
sufficient length of time after a previous use, that is, 
from a cold state, and FIG. 58 a waveform observed 
when the microwave oven is energized immediately 
after heating by the second heat source, that is, from a 
hot state. 

In FIG. 5A showing the case of energization in a cold 
state, the microwave oven is energized for heating at a 
point in time to, and a signal is generated after a point in 
time t: when a great volume of vapor emanates from the 
food, namely the object 2 to be heated. In FIG. 5B 
showing a case in which the second heat source includ 
ing the upper heater 35 and the lower heater 34 has been 
used, a noise signal due to the residual vapor is gener 
ated and is mixed with the vapor signal required to be 
detected. The noise signal of FIG. 5B will be explained 
more in detail below. 

Simultaneously with the start of the heating operation 
of the microwave oven at time to, the fan motor 15 is 
energized and the cold air generated thereby cools the 
pyroelectric element 5. As a result, the temperature of 
the pyroelectric element 5 is reduced to generate a 
positive voltage (on the electrode 38) immediately after 
the start of operation of the microwave oven. The wind 
from the cooling fan 16 then causes the hot air remain 
ing in the heating chamber 1 to reach the pyroelectric 
element 5 through the air path and increases the temper 
ature of the pyroelectric element 5. The voltage across 
the element swings greatly to the negative side, thus 
generating a maximum voltage. The voltage thus swung 
to the negative side is shifted to the positive side with 
the temperature of the pyroelectric element 5 reaching 
a ceiling and decreasing again. Zero voltage is subse 
quently reached once in equilibrium. 

This process of change occurs during a short period 
of a few seconds to several tens of seconds immediately 
after the energization of the microwave oven and is 
finished substantially within the ?rst 30 seconds (before 
time t1). Even after termination of this transient voltage 
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6 
generated immediately after starting, however, the hot 
air remaining in the heating chamber 1 causes a noise 
voltage unlike under a cold state. This noise voltage 
coexists with the vapor signal requiring to be detected 
(FIG. 5B). The voltage from t; to to is caused by such a 
residual vapor. 

In a circuit con?guration including the sensor signal 
processing means 12 and the pyroelectric element 5 
shown in FIG. 4 according to the present invention, the 
signal is half-wave recti?ed by a recti?cation diode 41 
before being read by the control section 4, and the po 
larity of the pyroelectric element 5 is selected in such a 
manner that the voltage (positive voltages in FIGS. 
5A-5C) remains due to the negative temperature 
change of the pyroelectric element 5. As seen from 
FIG. 5B, therefore, the detecting operation is not af 
fected by the negative voltage containing a maximum 
amplitude voltage generated by residual hot air The 
negative voltage is the most likely to cause erroneous 
detection, among the voltages generated during a per 
iod of scores of seconds immediately following the start 
of the cooling fan 16. 

Further, the voltages generated by the pyroelectric 
element 5 due to vapor and due to hot air are different 
in the manner of response, though both are caused by 
heat. In response to vapor, a voltage of substantially the 
same positive or negative degree is generated either in 
the temperature rise time or in the temperature fall time, 
while, in response to hot air, a voltage comparatively 
lower is generated in the temperature fall time than in 
the temperature rise time. This is considered to be due 
to the fact that the temperature decrease is largely af 
fected by the heat'vaporization of waterdrops adhered 
when vapor is involved, while the voltage generation 
due to hot air is not accompanied by any similar physi 
cal change. In any event, the sensitivity characteristic of 
the pyroelectric element 5 is such that, in the process of 
vapor detection after the heater energization, the noise 
voltage generated by hot air has a small voltage ampli 
tude as compared with that of the detection voltage due 
to vapor during a temperature decrease. The circuit 
con?guration and the polarity of connection of the 
pyroelectric element 5 according to the present inven 
tion remarkably reduces a possibility of detecting a 
noise voltage erroneously as a vapor signal. 
The sensor signal processing means shown in FIG. 4 

according to the present invention, further includes a 
high-pass RC circuit 43 having a capacitor 42 and a 
resistor 46 with the time constant thereof determined 
approximately from T=0.5 to 1.0. The frequency com 
ponents of the detection signal generated by the resistor 
K46 spread over a comparatively wide area up to a 
frequency range higher than 6 Hz, while the noise volt 
age due to hot air is mainly caused by the ?uctuations of 
hot air induced by the revolution of the turntable 33 of 
one rotation for each ten seconds. The change in the 
noise voltage, therefore, is comparatively slow with the 
frequency components thereof distributed mainly in the 
range from 1/T1 Hz (T 1: Rotational period of the tum 
table 33) to two Hz. Even in the case where the noise is 
mixed under a hot state as mentioned above, the low 
frequency control means including the high-pass RC 
circuit 43 attenuates the noise components due to the 
residual vapor mainly comprised of low frequencies to 
a degree more than the signal components due to vapor. 
Determination of a frequency range to be suppressed 
depends on the relationship between the frequency 
components of the signal voltage to be detected and 



5,235,148 7 
those of the noise voltage to attenuated. The above 
mentioned conditions, however, make it a best solution 
to set the upper limit of the frequency to be dampened 
substantially in a range from two to 1T1 Hz, or more 
speci?cally, in a range from one to two Hz. The result 
is an improved signal-to-noise ratio of the vapor signal 
and a greatly reduced probability of erroneous detec 
tion. The high-pass RC circuit 43, of course, functions 
also as a DC-blocking circuit for preventing the DC 
voltage from being applied to- the pyroelectric element 
5. The pyroelectric element 5 generally includes a silver 
electrode, and the application thereto of a DC voltage 
has to be prevented in order to avoid the deterioration 
of insulation caused by migration of silver. FIG. 5C 
shows a voltage waveform passed through the high 
pass RC circuit in this way, and FIG. 5D the same 
voltage waveform further half-wave recti?ed by the 
recti?cation diode 41 and applied to the control section 
4. The noise voltage generated by residual vapor in the 
heating chamber 1 is thus greatly dampened by the 
sensor signal processing means 12 before being applied 
to the control section 4. 
The control section 4 has functions of applying an 

indication output signal to the operating section 13 in 
response to an input signal from the input keyboard of 
the operating means 13 and producing a signal for driv 
ing the drive means 11 to heat the object 2 by energiza 
tion of the magnetron 3 or rotating the turntable 3. The 
control section also functions to make decisions for 
controlling various parts on the basis of a signal voltage 
transmitted from the pyroelectric element 5 through the 
sensor signal processing means 12. 
Now, a method of detection and control by the con 

trol section 4 will be explained with reference to FIGS. 
6A, 6B and 7. 

First, the sequence and method of heating and auto 
matic detection according to the present embodiment 
will be explained with reference to the ?owchart of 
FIG. 7. Upon depression of a heating start key with an 
object 2 placed in the heating chamber 1, a control 
signal from the control section 4 is applied to the drive 
means 11 which then causes the operations of the mag 
netron 3 (high-voltage transformer 15), the fan motor 16 
and the turntable 18 to be started (step a). The counting 
of the heating time T is started in the control section 4 
(step b). The next step is to wait until the heating time T 
reaches a starting time point T1 of a predetermined 
length of time (step c). The voltage value D of the 
signal voltage is read by measuring means 6 (step d). 
The voltage value D read is recorded by the recording 
means 7 and the recording means 7 determines the larg 
est voltage value D as a maximum value D,,,, and the 
voltage value D read subsequently is assumed as a new 
maximum value D," if larger than the recorded maxi 
mum value Dm (step e). The steps d and e are repeated 
until the time point T; where the predetermined time 
elapses. A threshold value corresponding to the maxi 
mum value Dm recorded in the recording means 7 is 
determined by threshold value-setting means 8 (step g). 
After time point T2, comparison-measuring means 9 
adds “1" to the count N (N =N+ 1), if the signal voltage 
exceeds the threshold value for a predetermined length 
of time (step b). This step h is repeated until the count 
N reaches a predetermined value (say, 5) (step i). When 
N reaches 5, T=td is recorded as a detection time, and 
various parts including the magnetron are controlled 
accordingly (step j). 
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A method of decision and control has been explained 
above with reference to a flowchart. Now, the relation 
ship between an output signal and a decision will be 
explained mainly with reference to FIGS. 6A and 6B. 
The maximum value Dm among the voltage values D 

is measured repeatedly during a predetermined period 
of time (from T1 to T2) after heating starts by the mea 
suring means 6 in the control section 4 and then is re 
corded by the recording means 7. The threshold value 
selection means 8 of the control section 4 determines a 
threshold value providing a detection level for the 
value D"l recorded by the recording means 7. 

After time T2, the comparison-measuring means 9 
determines whether the detection signal has reached the 
threshold level, and if the threshold level is exceeded a 
predetermined number of times in succession, the count 
N of the counter in the comparison-measuring means 9 
is incremented by one (N = N+ 1). When the count N of 
the counter reaches a predetermined number, say, ?ve, 
the detection time t4 is recorded as the point in time 
point when the object 2 has been heated optimally. In 
the process, the number of times the pulse signal ex 
ceeds the threshold value is counted in such a manner 
that when the threshold level is exceeded for a predeter 
mined length of time or more, for example, 100 ms or 
more, one count is added. 

Table 1 shown below is an example of a classi?cation 
table used for selecting a threshold value. 

In Table 1, three constants including 0.5, 0.4 and 3.0 
are prepared for setting a threshold level respectively 
for the three ranges of D,,,, and a threshold value is 
determined according to this table. 
The relationship between the signal level and detec 

tion time t,; based on Table 1 will be explained with 
reference to FIGS. 6A and 6B. FIG. 6A shows an ex 
ample of starting the heating operation from the cold 
state of the microwave oven (after being left to stand for 
at least a predetermined length of time from the preced 
ing operation). FIG. 6B shows an example of starting a 
heating operation immediately after the heater opera 
tion when a great amount of residual hot air remains in 
the heating chamber 1. In the case of FIG. 6A, the 
signal level remains substantially zero during the period 
from the heating start to generation of vapor from the 
object 2, and the maximum value Dm detected during a 
?rst predetermined period of time (T1 to T2) is 0.2 V. 
The threshold value is thus set to 0.5 V. As a result, the 
comparison-measuring means 9 comes to determine a 
?nish detection time as t4. In the case of FIG. 6B, on the 
other hand, the great amount of residual hot air in the 
heating chamber 1 causes a signal level of a considerable 
amplitude to be observed from the time immediately 
after starting the heating operation, and the maximum 
value D,,I is 0.7 V. The threshold value is thus set to a 
level of 1.1 V which is higher than the signal level (D,,,) 
generated by the residual hot air, which level is of 
course higher than the level set for the cold start in 
FIG. 6A. 
As explained above, the threshold level for determin 

ing the ?nish detection time td is set in accordance with 
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a signal voltage due to the residual hot air or the like 
detected before generation of vapor from the object 2. 
Erroneous detection. (premature de-energization) is 
therefore prevented which otherwise might be caused 
by asignal voltage due to the residual hot air such as 
when the apparatus is started in a hot condition immedi 
ately after the heating with the heater. 

In addition, in the case where the maximum value 
D," is larger than a predetermined value, or when 
2.5 <Dm as shown in Table l, the threshold level is ?xed 
at 3.0 V regardless of the value D", for the purpose of 
preventing an excessive threshold level from leading to 
a detection failure (preventing the signal due to the, 
vapor generated from the object from reaching a 
threshold level). 
The pyroelectric element 5 composed of a ceramic 

element having a pyroelectricity according to the pres 
ent embodiment may have piezoelectricity at the same 
time. A piezoelectric buzzer or an ultrasonic micro 
phone using the characteristics of a piezoelectric ele 
ment, for example, is of course applicable to the present 
invention with equal effect to the extent that they have 
pyroelectricity. 
The advantages of the heating apparatus according to 

the present invention are as follows. 
(1) The sensor signal processing means is so con?gured 

as to select a voltage of the polarity (half wave) gen 
erated during the temperature decrease of a pyroelec 
tric element among the voltages generated by the 
pyroelectric element. Further, even when the appara 
tus is started with a great amount of hot air remaining 
in the heating chamber after the operation of the 
heater, the voltage of a large amplitude generated 
with a temperature rise of the pyroelectric element 
due to the residual hot air for several tens of seconds 
immediately after the start of operation can be re 
moved. This prevents erroneous detection which 
otherwise might be caused by this type of residual hot 
air. Further, the pyroelectric element has such a sen 
sitivity characteristic that the sensitivity thereof to 
the hot air ?uctuations during temperature decrease 
is lower than that the sensitivity of the pyroelectric 
element to the vapor ?uctuations. Erroneous detec 
tion due to the residual hot air occurs less often. 

(2) The sensor signal processing means low-frequency 
wave dampening means for removing a slowly 
changing frequency component, and therefore it is 
adapted to remove the voltage component caused by 
heat exchange with the residual hot air induced by 
the operation of the turntable or the like having a 
lower rate of change than the ?uctuation signal of the 
vapor generated from the object. The probability of 
occurrence of erroneous detection due to the residual 
hot air is thus remarkably reduced. 

(3) In making a decision on the detection at the control 
section, a maximum value of the signal voltage is 
detected for a predetermined length of time (?rst 
predetermined time) after the heating operation has 
started. The number of times is counted by which a 
voltage pulse longer than a predetermined time width 
exceeds a threshold level set as a detection level for 
the maximum value according to a predetermined 
rule. The point in time when the count reaches a 
predetermined number (say, ?ve) is regarded as a 
detection time point t4. This method permits detec 
tion of an effective voltage signal level and obviates 
the problem of premature deenergization by errone 
ously detecting a noise signal of a high level due to 
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10 
the vapor remaining in the heating chamber immedi 
ately after operation of the heater. 
In particular, while the ?rst discrimination means 

detects a substantial maximum value and determines a 
corresponding threshold level, the comparison-measur 
ing means counts signal pulses exceeding the threshold 
level for a predetermined length of time. By changing 
the method of deciding a signal voltage in this way, a 
noise signal and a vapor signal are separated from each 
other with higher accuracy. 
We claim: 
1. A heating apparatus comprising: 
microwave heating means for heating an object 

thereby causing the object to emit a vapor; 
pyroelectric means for detecting said vapor and out 

putting a signal having a ?rst portion associated 
with discharge of heat from said pyroelectric ele 
ment means and having a ?rst polarity and a second 
portion having a second polarity; and 

means for eliminating the second portion of the sig 
nal, thereby isolating the ?rst portion of the signal, 
the voltage of the ?rst portion to be used to control 
said microwave heating means. 

2. A heating apparatus comprising: 
a heating chamber for accommodating an object to be 

heated; 
microwave heating means for heating the object; 
an air path for leading a portion of a gas in said heat 

ing chamber to outside of the heating chamber; 
a pyroelectric element disposed in said air path; 
sensor signal processing means, connected to said 

pyroelectric element, for receiving and processing 
an output voltage signal from said pyroelectric 
element, and for outputting a processed output 
voltage signal which is a ?rst voltage signal with a 
?rst polarity; and 

a control section connected to said sensor signal 
which is processing means and said microwave 
heating means for controlling said microwave heat 
ing means by the processed output voltage signal of 
said sensor signal processing means, wherein at 
least one of said sensor signal processing means and 
said control section includes selection means, 
which comprise circuit means included in said 
control section for eliminating a voltage of polarity 
opposite to the ?rst polarity, for selecting a portion 
of the processed output voltage signal having a ?rst 
polarity associated with discharge of heat from said 
pyroelectric element due to heat exchange of said 
pyroelectric element, thereby controlling said mi 
crowave heating means based on a voltage level of 
the portion of the processed output voltage signal. 

3. A heating apparatus according to claim 2, wherein 
said selection means comprises a diode and is included 
in said sensor signal processing means. 

4. A heating apparatus according to claim 2, wherein 
said selection means comprises an ampli?er circuit 
means in said sensor signal processing means for ampli 
fying in only one polarity direction. 

5. A heating apparatus comprising: 
a heating chamber for containing an object to be 

heated; 
a microwave heating means for heating the object 

thereby causing the object to emit a vapor in said 
heating chamber; ‘ 

vapor directing means for directing the vapor in said 
heating chamber along a path outside of said heat 
ing chamber; 
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pyroelectric element disposed in said vapor directing 
means for detecting the vapor and outputting a 
signal having a ?rst portion associated with dis 
charge of heat from said pyroelectric element 
means and having a ?rst polarity and a second 5 
portion having a second polarity; and 

means coupled to said pyroelectric element for elimi 
nating the second portion of the signal thereby 
isolating and outputting the ?rst portion of the 
signal to control said microwave heating means 
based on a voltage level of said ?rst portion. 

6. A heating apparatus comprising: 
a heating chamber for accommodating an object to be 

heated; 
microwave heating means for heating the object; 
an air path for leading a part of a gas in the heating 
chamber to outside of the heating chamber; 

a pyroelectric element disposed in the air path for ' 
outputting a ?rst signal; 

sensor signal processing means coupled to said pyro 
electric element for receiving the ?rst signal from 
said pyroelectric element and for outputting a pro 
cessed output signal; and 

a control section, coupled to said sensor signal pro 
cessing means, for controlling the heating means 
using the processed output signal from said sensor 
signal processing means, wherein said sensor signal 
processing means includes low-frequency eliminat 
ing means for eliminating low-frequency compo 
nents of the ?rst signal equal to or below 2 Hz. 

7. A heating apparatus according to claim 6, wherein 
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the low-frequency eliminating means comprises a high 
pass RC circuit. 

8. A heating apparatus comprising: 
a heating chamber for accommodating an object to be 35 

heated; 
microwave heating means for heating the object; 
an air path for leading a path of a gas in the heating 
chamber to outside of the heating chamber; 

a pyroelectric element disposed in the air path for 
outputting a ?rst signal; 

sensor signal processing means coupled to said pyro 
electric element for receiving the ?rst signal from 
said pyroelectric element and for outputting a pro 
cessed output signal; 

a control section, coupled to said sensor signal pro 
cessing means, for controlling the heating means 
using the processed output signal from said sensor 
signal processing means; 

turntable means disposed in said heating chamber for 50 
rotating the object to be heated with a period of 
rotation of T1 seconds; and 

?ltering means contained in said sensor signal pro 
cessing means for eliminating components of the 
?rst signal in the range from 2 Hz to l/Ti Hz. 

9. A heating apparatus comprising: 
a heating chamber for accommodating an object to be 

heated; 
microwave heating means for heating the object; 
an air path for leading a path of a gas in the heating 60 
chamber to outside of the heating chamber; 
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a pyroelectric element disposed in the air path; 
sensor signal processing means coupled to said pyro 

electric element for receiving a ?rst signal from 
said pyroelectric element and for outputting a pro 
cessed output signal; and 

a control section means coupled to said sensor signal 
processing means for controlling the microwave 
heating means using the processed output signal 
from said sensor signal processing means, wherein 
said control section means includes: 
that memory means for storing a substantial maxi 
mum value of an output voltage of the processed 
output signal from said sensor signal processing 
means a ?rst predetermined length of time after 
said microwave heating means begins to operate; 

threshold setting means for calculating a threshold 
value based on the substantial maximum value 
stored in said ?rst memory means and for storing 
the threshold value; 

decision means for producing a result signal when 
the output signal from said sensor signal process 
ing means has reached the threshold value after a 
lapse of a second predetermined length of time; 
and 

heat control means for controlling said microwave 
heating means in accordance with the result 
signal from said decision means. 

10. A heating apparatus according to claim 9, 
wherein said threshold setting means calculates the 
threshold value to have a ?xed value regardless of the 
magnitude of the maximum value. 

11. A method of controlling a heating apparatus in 
cluding a heating chamber for accommodating an ob 
ject to be heated, microwave hating means for heating 
the object, a pyroelectric element for detecting a tem 
perature of a gas in the heating chamber and outputting 
an output signal and sensor signal processing means for 
receiving the output signal from said pyroelectric ele 
ment and outputting a processed output signal compris 
ing the steps of: - 

a ?rst step of detecting a substantial maximum value 
of an output voltage of the processed output signal 
for a ?rst predetermined length of time and storing 
a ?rst value representing a maximum value; 

a second step of calculating a second value represent 
ing a threshold level based on the ?rst value and 
storing the second value; and 

a third step of counting a number of times the voltage 
of the processed output signal continuously ex 
ceeds the second value for a time longer than a 
second predetermined length of time and for mea 
suring an accumulated time during which the volt 
age of the processed output signal continuously 
exceeds the second value, and controlling said 
microwave heating means after the accumulated 
time has reached a predetermined value. 

12. A method of controlling a heating apparatus ac 
cording to claim 11, wherein said second step comprises 
setting the second value to a predetermined ?xed value 
regardless of the magnitude of the ?rst value. 
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